Maple syrup of four grades (extra-light, light, medium, and dark) of the 2007 crop was provided by three local (St. Joseph's Island, Ontario, Canada) producers. Twenty-four phenolic compounds were isolated from a medium-grade syrup and identified on the basis of spectral and chemical evidence. They were (a) benzoic acid and several hydroxylated and methoxylated derivatives (gallic acid, 1-Ogalloyl-β-D-glucose, γ -resorcylic acid); (b) cinnamic acid derivatives (p-coumaric acid, 4-methoxycinnamic acid, caffeic acid, ferulic acid, sinapic acid, and the ester chlorogenic acid); (c) flavonoids, the flavanols catechin and epicatechin, and the flavonols kaempferol and its 3-O-β-D-glucoside, 3-
Introduction
Maples (Acer spp., family Aceraceae) are among the most important hardwood species in North America (van Gelderen et al., 1994) . Of the approximately 160 known species of the genus, only six are native to eastern Canada (Farrar, 1995) . Of these, A. rubrum L. (red maple) and A. saccharum Marsh (sugar maple) are responsible for most of the red to orange autumnal coloration of Northeastern American forests. Sugar maple, found only in North America, is one of the most valuable commercial hardwoods in the Maritime Provinces and in the southern parts of Ontario and Quebec and is the main source of maple syrup for which Canada is so well-known. Syrup is made from sap that the sugar maple tree produces in great abundance in late winter, when daytime temperatures exceed the freezing point and nighttime temperatures fall below it. The colorless, watery sap is collected by drilling a hole into the new wood of the trunk and inserting a collection device (called a spile). It is composed of approximately 97-98% water, thus requiring about 40 L of sap to produce 1 L of syrup. The original process used to effect concentration by the aboriginal peoples who invented it is simple heating. In the modern sugar shanty, large volumes of sap are concentrated by using continuous-feed evaporators heated by wood or oil stoves. The shallow evaporation pan with a large surface area is designed so that it allows for continuous addition of unprocessed sap at one end of its surface and the continual removal of the syrup at the other end. The more recent introduction of the process of reverse osmosis reduces the need for fuel. Excess water (∼75%) is removed from the sap by forcing it under pressure across membranes, leaving behind the sugars and other organic substances. Repeated passes of the sap results in additional water loss. By thus concentrating the sap before it enters the evaporator, the time that it is processed at elevated temperatures is greatly shortened. During the heating process, the typical flavor and brown color of maple syrup develops due to caramelization of the sugars and oxidation of the phenolic constituents. Some Maillard reaction products may also be formed (Kermasha et al., 1995) if nitrogenous compounds are present. Typically, the color becomes deeper as the season progresses, and the syrups are graded as "light" (in color), "medium" and "amber." Sap concentrated in a rotary evaporator at low temperature (>30
• C) has neither the color nor the flavor of maple syrup (personal observation).
Recently, there has been considerable interest in the evaluation of phenolics from plant sources owing to their antioxidant properties. Phenolics are hydrophilic substances; a common origin is the aromatic shikimic acid. We have begun a series of investigations to increase our understanding of the role that phenolics play in forestry, and our studies have included several species of maples. We have shown that the most likely reason that red maple (A. rubrum) is highly resistant to forest tent caterpillar is because of the presence of high amounts of ethyl m-digallate (Abou-Zaid et al., 2001) . It has both the highest insect antifeedant activity and concentration of any compound in red maple but is not present in the susceptible sugar maple (A. saccharum) , lending support to the suggestion that it is the major resistance factor in red maple leaves. Red maple leaves also contain a rare galloyl sugar, galloyl rhamnose (Abou-Zaid & Nozzolillo, 1999) , and both red and sugar maples contain small amounts of methyl gallate (Abou-Zaid et al., 2007) .
The current study investigates phenolics in finished maple syrup produced on St. Joseph Island near Sault Ste. Marie, Ontario, Canada; two of the producers used the conventional boiling method, and one used reverse osmosis. Kermasha et al. (1995) and Theriault et al. (2006) identified several phenolic compounds in maple syrup from Quebec and the sap from which it was made. Thériault et al. (2006) reported on the antioxidant activities of the phenolic mixture present in the Quebec maple products and compared activities of samples produced at early and later times in the short late-winter season. Our results include isolation and identification from syrup produced by reverse osmosis of 23 phenolic compounds, including seven flavonoids. The highperformance liquid chromatography (HPLC) traces show notable differences in the amounts at individual phenolic peaks that can be more closely tied to the color grade rather than to mode of production. 
Materials and Methods

HPLC conditions
An Agilent Technology 1200 Liquid Chromatograph equipped with a computer and Chem Station software (Chem 32), a binary pump SL (G1312B), a highperformance autosampler SL (G1367C), and an autoscan photodiode array spectrophotometer detector (DAD; Agilent Technology G1315C) were used. An Agilent Technology Eclipse Plus C-18, 5 µm (4.6 × 150 mm i.d.) reverse-phase analytical column was also used. A linear gradient chromatographic technique was used at room temperature with the following solvent system: solvent A = MeOH/acetonitrile (95:5); solvent B = 0.05% aqueous HCOOH; starting at 85% A:15% B and ending 42 min later with 5% A:95% B and a flow rate set at 1 mL/min. Two fixed detection wavelengths were used, at 280 and 350 nm, and the resolved peaks were scanned by the photodiode array detector from 190 to 450 nm. Dilute solutions (10 mg/mL) of the ethyl acetate extracts were passed through a 13-mm GHP 0.45-µm Minispike filters ( Waters, EDGE) and 10-µL aliquots were used for injection onto an HPLC column with and without spiking with standards. Peaks were identified on the basis of retention times and UV spectra where possible.
Preparation of extracts
For analysis by HPLC
Samples (10 mL) of each kind of syrup were extracted at room temperature by liquid-liquid extraction using ethyl acetate three times (3 × 5 mL). The combined ethyl acetate extracts were evaporated under nitrogen to dryness to yield the following: from Gilbertson's Maple Products, 15 mg of extra-light, 21 mg of light, and 24 mg of medium; from Irwin's Maple Products, 19 mg of light and 15 mg of medium; and from Thompson's Maple Products, 23 mg of light and 24 mg of medium. The residues were dissolved in methanol/water 85:15 at a concentration of 10 mg/mL and passed through 13-mm GHP 0.45-µm Minispike filters (Waters, EDGE) prior to HPLC analysis.
For isolation and identification of compounds
A sample (2 L) of medium-grade (Gilbertson's Maple Products) was evaporated under reduced pressure until most of the water had been removed. The residue was freeze-dried and weighed to obtain 1878 g.
Fractionation of bulk extract
The freeze-dried maple syrup (200 g) was dissolved in 100 mL distilled water and adsorbed onto polyvinylpolypyrrolidone (PVPP) powder (Sigma) packed in a Buchner funnel (2 L). Elution was carried out at a slow rate initially with water to wash out sugars and other nonadsorbed substances followed by aliquots of increasing concentrations (20%, 50%, 70%, and 100%) of methanol to produce five fractions. Each fraction was concentrated under vacuum and chromatographed one-dimensionally on Whatman No. 1 chromatography paper using either BAW (n-butanol-acetic acid-water, 4:1:5, upper phase), water, or acetic acid-water (15:85). Bands detected by absorbance/fluorescence under short-wave light (254 nm) and long-wave light (366 nm) were eluted with methanol and placed onto a PVPP column from which they were eluted with the following solvent systems sequentially: (1) CH 2 Cl 2 -EtOH-MeCOEt-Me 2 CO (1:1:1:1), (2) EtOHMeCOEt-Me 2 CO-H 2 O (1:1:1:1), and (3) EtOH-H 2 O (1:1). Purification was achieved with the aid of a low-pressure liquid chromatograph (Chemco low-prep pump, model 9 1-M-8R, with 6-port valve, max. 80 mL/min). Final clean-up of the compounds was achieved on a Sephadex LH-20 column (1 cm × 50 cm), using methanol as the eluting solvent, a step essential to obtaining good spectra of purified compounds.
Identification of the isolated compounds
UV spectra were recorded on a UV-Vis Beckman DU series 800 spectrophotometer.
1 H NMR and 13 C NMR spectra were recorded on a Bruker AMX-500 spectrometer at 500 MHz and 125 MHz, respectively; samples were dissolved in DMSO-d 6 with TMS as an internal standard. Structures of purified compounds were determined according to standard methods (Dey & Harborne, 1989; Fossen & Anderson, 2006) : acid hydrolysis in 2 M and 0.1M HCl (mild hydrolysis) at 100
• C for 60 min; enzymatic hydrolysis with β-glucosidase (Sigma) using an acetate buffer (pH 5); hydrogen peroxide oxidation; UV spectroscopy; 1 H NMR; 13 C NMR and FAB-mass spectroscopy (positive and negative), and by comparison with authentic samples where available. The glycosides and aglycones obtained by hydrolysis of Figure 2 . (Continued.) isolated compounds were identified by co-chromatography with authentic samples (Apiin and Extrasynthese) using PC, TLC, and HPLC. Sugars released by hydrolysis were identified by PC and TLC using standards.
Results and Discussion
Phenolic compounds isolated from maple syrup in the current study and identified by physical analysis and comparison with standards where available are listed in Table 1 . Vanillic, syringic, ρ-coumaric, ferulic, and sinapic acids were also identified by Kermasha et al. (1995) in maple syrup from Quebec sources and in addition they found coniferyl alcohol, coniferyl aldehyde, and homovanillic, vanillin, and syringaldehyde. Theriault et al. (2006) further identify hydroxybenzoic and an unnamed flavonol. That the 23 compounds isolated and identified represent only a fraction of the total numbers present is further indicated by the many 280-nm peaks in the HPLC traces (Fig. 2) . Most of the peaks are very small, less than 10 mAU of a maximum possible of 100 mAU, and few of them contain only one compound as shown by the spectra provided by the diode array. As a result, it is impossible to estimate the amounts of identified compounds in the traces because in many instances one or more unidentified compounds are also present with them and in amounts that are often overwhelming. It is also possible that some of the isolated compounds are present in the extracts as conjugates, which, owing to hydrolysis, oxidation, and other chemical changes occurring during the lengthy isolation process, are removed to leave only the parent compound. For example, there is no quercetin spectrum in the peak eluting at 34 min where quercetin is expected (Table 1) .
Changes in the phenolic constituents with the season, as was also reported by Theriault et al. (2006) , are evident from comparison of the extracts of light and medium syrups. The former were produced early in the season, the latter at a later time. Many of the most prominent peaks in the 280-nm traces contain compounds with spectra typical of proanthocyanidins (peak ∼280 nm) or gallates (peak ∼275 nm), and these tend to be lower in the syrups produced later in the season. HPLC traces of a Gilbertson dark syrup produced late in the season are dominated by two compounds eluting in the first 5 min (data not shown).
A point of interest in the results of the current study is the presence of flavonoids in the syrup. Theriault et al. (2006) identified a flavonol peak in the HPLC trace of a syrup extract, but isolation of flavonols and catechins and evidence of the presence of the latter and of their polymers in the HPLC traces is new to the current study. As Kermasha et al. (1995) stated, the presence of phenolic acids can be explained by their key role in lignin synthesis with breakdown products of lignin or its precursors an important part of the phenolic mixture. Lignin biosynthesis requires its precursors to be transported outside the plasma membrane of the living cell, thus exposing them to the potential of being carried away in the flow of sap in the xylem vessels. Flavonoid glycosides, on the other hand, are normally stored in the vacuole of the cell and would not be expected to be available to the sap unless the cell dies. Such is the fate, of course, of cells destined to become tracheids or vessels. Assuming that the xylem precursors produced by the cambium contain flavonoids in their vacuoles, these flavonoids could be swept away by the sap from the dying cell. A second potential source of flavonoids might be living cells of the cambium, phloem, and cortex damaged by the tapping process (i.e., when the trunk of the tree is drilled to provide the hole in which to insert the sap collection device). Flavonoids, both glycosides and aglycones, are also important antioxidant compounds (Rice-Evans & Packer, 2003; Clifford & Brown, 2006; Wijeratne et al. 2006) .
In any case, total phenolic content of the syrup is very small in proportion to the sugar content as shown by the weights of the ethyl acetate extracts reported in "Materials and Methods" (about 20 ± 5 mg/10 mL of syrup (dry wt. = 9.4 g, i.e., ∼0.2% by weight). Nevertheless, the biological activity shown by Theriault et al. (2006) may aid in overcoming any negative effects of the high sugar content of the syrup on humans, thus, indulging a sweet tooth, and is most likely, as suggested by Theriault et al. (2006), not related so much to any particular compound as to the overall complexity of the mixture.
